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Reversible myocardial dysfunction and clinical outcome in scuba
divers with immersion pulmonary edema
Pierre Louge, Emmanuel Gempp, Anne Henckes, Michel Hugon, Jean
Eric Blatteau, André Grousset, Philippe Heno
HIA Sainte-Anne, SMHEP, Toulon, France
Immersion pulmonary edema in scuba divers is a rare disorder that
tends to recur and can be potentially fatal, even in the absence of under-
lying cardiac disease. Anecdotal cases of reversible myocardial dysfunc-
tion have been described in this setting, but little is known of its
pathogenesis. The purpose of the present study was to determine the
clinical outcomes and the determinants associated with this condition. The
data from 54 consecutive divers admitted for acute immersion pulmonary
edema during a 5.5-year period were retrospectively studied. A diagnosis
of myocardial dysfunction was established by the presence of elevated car-
diac troponin T levels, coupled with electrocardiographic changes and/or
wall motion abnormalities on the echocardiogram. The demographic,
clinical, biologic, and diving characteristics were tested as potential pre-
dictors of this disorder. All the patients had complete resolution of symp-
toms within 72 hours, but 3 required intensive ventilation or hemodynamic
support at admission. Reversible myocardial dysfunction was observed in
28% and was associated more with age >50 years (odds ratio [OR] 5.5,
95% confidence interval [CI] 1.5 to 21, p [ 0.013), hypertension (OR 8.2,
95% CI 2.1 to 32, p [ 0.002), diabetes (OR 22.1, 95% CI 1.1 to 458; p [ 0.002),
and release of natriuretic peptides (OR 9.1, 95% CI 2.4 to 35, p [ 0.001).
Follow-up investigations at 1 month were obtained for 49 patients and
revealed a significant number of patients with occult hypertension. In
conclusion, reversible myocardial dysfunction is not uncommon in divers
with immersion pulmonary edema. The short-term overall prognosis is not
adversely altered, but severe heart failure with a fatal outcome is unpre-
dictable. Close monitoring of older divers with latent cardiovascular risk
factors is warranted
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Study of cardiac causes of athletes’ disqualifications from competitive
sports
A ten year experience of the Tunisian national center of sports medi-
cine and sciences.
Afef Ben Halima (1), Donia Kooba (2), Monia Belkiria (2), Imen Fradi (2),
Héla Addala (2), Samir Kawech (2), Foued Azzouzi (2)
(1) Hôpital Abderrahmen Mami, Cardiologie, Ariana, Tunisie – (2) Centre
médical sportif et des sciences des sports, Tunis, Tunisie
Introduction: Preparticipating screening guidelines for athletic training
are formulated by many scientific medical groups. The main goal of these
guidelines is the precocious identification of athletes at higher risk of sudden
death
Aim: the aim of this study is to assess the cardiac causes that led to
athletes’ disqualifications from competitive sports
Methods and results: 2253 athletes were screened between 1998-2009 in
the tunisian national center of sports medicine and sciences.
The mean age was 20±4 years. 74% were male and 26% were female. 40%
of the population were professional players, 50% high school or college
athletes and 10% referees. 
They all had a history-taking, physical examination, a 12 lead ECG, a
transthoracic echocardiography and a stress test. 
Forty eight athletes (2%) were disqualified from competition ( 41 males
and 7 females). 
There was a cardio-vascular cause of disqualification in 33 of these dis-
qualified athletes (representing 1.3% of the global population and 68% of the
disqualified athletes). Their mean age was 20±4 years old. They were
31 males and 2 females. 52% of the sports they practiced were in class II c of
Béthesda classification. The cardiac contre indication was detected by 12 lead
ECG in 10 cases and by echocardiography in 23 cases.
In 10 cases the disqualification was temporary because of WPW syndrome
and they continued to practice after catheter ablation
Among the definitive disqualifications, we report 11 cases of severe
valvular heart disease, 6 cases of hypertrophic cardiomyopathy, 5 cases of
congenital heart disease and 1 case of arrhythmogenic right ventricular cardio-
myopathy
Conclusion: cardio-vascular disease represents the main causes of disqua-
lifying athletes from competitive sports. Despite the cost of the screening
means used, avoiding sudden death and complications represents the most
important goal in this young apparently healthy population.
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Cardiac rehabilitation and five-year mortality after an acute coronary
syndrome: the 2005 French FAST-MI registry
Marion Pouché (1), Jean-Bernard Ruidavets (2), Marie-Christine Iliou (3),
Hervé Douard (4), Luc Lorgis (5), Philippe Brunel (6), El Hassan Saa-
douni (7), Tabassome Simon (8), Jean Ferrières (9), Nicolas Danchin (10)
(1) Toulouse University Hospital, Department of Cardiology, Toulouse,
France – (2) CHU, UMR1027 INSERM/University School of Medicine
Toulouse III, Epidemiology, Toulouse, France – (3) Hôpital Corentin Cel-
ton, Service de Réadaptation Cardiaque, Issy Les Moulineaux, France –
(4) University Hospital of Bordeaux – Hospital Haut Leveque, Departe-
ment of Cardiology, Bordeaux-Pessac, France – (5) CHU Bocage, Car-
diologie, Dijon, France – (6) Nouvelles Cliniques Nantaises, Unité de
Soins et de Cardiologie Interventionnelle, Nantes, France – (7) Saint-
Omer Regional Hospital, Department of Cardiology and Vascular Medi-
cine, Helfaut, France – (8) Saint-Antoine, P.et M. Curie University,
Department of Pharmacology, Paris, France – (9) CHU Rangueil, Service
de Cardiologie B, Toulouse, France – (10) Hôpital Européen Georges
Pompidou (HEGP), Cardiologie, Paris, France
Purpose: We studied the impact on five-year mortality of (CR) prescrip-
tion at discharge in patients suffering from an acute coronary syndrome (ACS)
in a large series of hospitalized ST (STEMI) and non-ST (NSTEMI) myocar-
dial infarction.
Methods: Participants from the French Fast-MI registry conducted in 2005
were survivors (n=2894) at discharge of STEMI (n=1523) and NSTEMI
(n=1371). Impact of CR prescription on occurrence of death during a five-year
follow-up was analyzed using a Cox proportional hazards model. 
Results: 639 (22.1%) patients had a CR prescription at discharge.
Patients rehabilitated were younger (62.4 years) than non-rehabilitated
patients (67.5 years), men (23.8%) were more frequently rehabilitated than
women (18.2%) and among the patients rehabilitated, 67.8% had presented
a STEMI whereas STEMI represented 52.6% of patients included in FAST-
MI at entry. The number of deaths was 94 (14.7%) in patients rehabilitated
and 585 (25.9%) in the non-rehabilitated group (p<0.001). CR was associ-
ated with a lower risk of death in patients rehabilitated in comparison with
the non-rehabilitated group [HR (95%CI); 0.52 (0.42-0.65)]. After multivar-
iate adjustment on personal and familial medical histories, sex, age, treat-
ment at discharge, left ventricular ejection fraction, Killip class and
revascularization procedures, the association remained significant [0.76
(0.60-0.96)]. A stratified analysis on sex, age (<60 vs. ≥60 y) and the type
of ACS (STEMI vs. NSTEMI) showed that the inverse association between
rehabilitation and mortality was more pronounced in men [0.64 (0.48-0.87)]
than in women [0.95 (0.64-1.39)], in younger [0.34 (0.15-0.77)] than in
older [0.84 (0.65-1.07)] patients and in NSTEMI [0.63 (0.46-0.88)] than in
STEMI [0.99 (0.69-1.40)].
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Conclusions: After hospitalized AMI, rehabilitation remains a significant
predictor of improved survival in patients. However, some subgroups of AMI
patients seem to gain more benefit. 
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Short supervised medical training program is proposed to sedentary
overweight individuals in prevention of cardiovascular disease.
Results at 12 months
Sonia Corone (1), Stéphanie Hardy (2), Anne Feine (2), Dannielle Le
Borgne (2), Monique Valls (2), Stéphanie Maguero (2), Sandrine Lasarus
(2), Claire Debruere (2), Claudie Demange (2), Claudie Burgot (2), Titi
Farrokhi (2), Françoise Bellemain (2)
(1) Centre médical de Bligny, Briis Sous Forges, France – (2) Centre
Médical de Bligny, Réadaptation Cardiaque, Briis sous Forges, France
Promoting physical activity is an imperative for public Health. Inactivity is
a risk factor of coronary artery disease. Behavioral change in physical activity
is difficult to obtain.
The aim of this study is to determine the feasibility of a physical activity
behavior change, maintained 12 month after a intervention program. 
Aims: 1- increase weekly exercise training volume, 2- decrease BMI and
abdominal circumference. 
Method: 80 overweight subjects without involvement in regular physical
activity were included, age 57years ±6.5. Professionally active: 55%. Hyper-
tension: 89%. Dyslipidemia: 67%. Diabetes mellitus 71%, Smoker 25%, his-
tory of depression 27%, stress 30%, BMI: 33.2±5.8 ; abdominal circumference
111±14.4 cm.
After a medical exam with motivation counselling and exercise test, a
program of 10 sessions is prescribed. Level of exercise is individually
adapted. Each session begin with 2.5 hours of exercise (callisthenic,
cycling and muscle resistance) followed by relaxation session, walk,
cooking lessons, information. individual smoking and psychological coun-
selling 
At the end of the program, an individual goal of “weekly exercise
training volume” is determined by the participant with the help of the
physiotherapist . To reinforce patient’s efforts, 4 phone calls were added
plus one recall session at 12 months (training, physician and physiothera-
pist counselling)
Results at 12 months: 17 dropout (move for retire 6, move 2, illness 5,
unknown 4) and 63 completed the program. On the basis of this population
who answered at the recall, 76% maintained their initial goal. The BMI
decreased of 1.3 kg/m2 and waist circumference decreased of 2 cm (from
111±14.4 to 109±22). 
Conclusion: Multidisciplinary team of a rehab center can motivate suc-
cessfully sedentary overweight individuals to change of lifestyle in prevention
of a cardiovascular disease.
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Modalities or training impulse: comparison of 4 weeks of combined
strength – aerobic training with aerobic training on VO2 – power out-
put responses in patients with coronary disease
Michael Bulvestre (1), Mohamed Ghannem (1), Pierre-Marie Leprêtre (2)
(1) Centre de réadaptation cardiaque, Tracy-Le-Mont, France – (2) Uni-
versité de Picardie Jules Verne, Amiens, France, Laboratoire de
recherche adaptations physiologiques à l’exercice et réadaptation,
Amiens, France
It has been recently demonstrated that, for a same external workload,
combined strength – aerobic training (CT) was better to improve the peak of
oxygen uptake (VO2peak) of patients with coronary disease (CAD) than
aerobic training session (AT). However, in the related studies, the mean dura-
tion of exercise rehabilitation was three times longer to the French care dura-
tion and perceived exertion was not taken into account. 
The aim of this study was to compare the effects of 4 weeks of CT and AT,
which training impulse (total external workload and perceived exertion), are
similar on power associated at VO2peak (pVO2peak) and cardiorespiratory
responses of patient with CAD. 
18 male with CAD (62±7 years, 175±2 cm, 84±16 kg, fraction of ejec-
tion=0.49±0.16) performed 4 weeks of CT (n=9) or AT (n=9). pVO2peak,
maximal and first ventilatory threshold values of oxygen uptake (VO2peak,
VO2-vt) and heart rate (HRmax, HR-vt) were measured before and after
training session. Total training impulse (exercise rehabilitation and other para-
medical actions) were evaluated and harmonized between AT and CT
according to Foster et al. formula (1996)
No significant difference were found in training impulse between AT and
CT (3650±220 vs. 3497±190 U, P=NS). VO2pic increased after AT (16.9±4.4
vs. 18.9±4.9 mLO2.min-1.kg-1, P<0.05) and remained unchanged after CT
(17.7±7.8 vs.17.8±7.2, P=NS). 4 weeks of training induced significant
increase in pVO2peak, VO2-vt and FC-vt, expressed in absolute or relative
value (P<0,05), without any difference between AT and CT modalities
(P=NS). 
4 weeks of CT induced a disassociation between VO2peak and pVO2peak.
pVO2peak was not improved with the same cardiorespiratory adaptations
between AT and CT. Thus there seems important to measure gas exchanges
of subject with CAD during the incremental test and identify the respective
part of muscular and cardiorespiratory functions in exercise exhaustion.
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Supervised exercise training in patients with precapillary pulmonary
hypertension (PH), a single French center experience
Helene Bouvaist, Marie Jondot, Marianne Noirclerc, Estelle Vautrin, Eli-
sabeth Borrel, Cecile Rocca, Bernard Wuyam, Christophe Pison
CHU Grenoble Michallon, Grenoble, France
Background: Exercise in patients with PH moved form a firm contraindi-
cation to promotion after the 5th world symposia on PH. Accordingly, we
report feasibility and efficacy of exercise training in patients with PH in
NHYA classes II-IV.
Methods: Between 2010 and 2013, 15 consecutive patients with right heart
catheterization (RHC) confirmed PH (10 women,5 men;58±19 years old;
4 idiopathic PAH, 2 connectivite group 1 PH , 1 MVO, 1 Eisenmenger syn-
drome, 1 group 2 mixed PH, 1 group 3 and 6 cases with CTEPH case, on spe-
cific therapy, benefited from 20 sessions of in-hospital supervised exercise
training. Mean cardiac index was 2,2±0,3 L/min/m², mPAP were 46±9 mm
Hg, pulmonary resistance were 9.5±4 WU, measured by RHC at 5±6 months
before rehabilitation. TAPSE by echo:19±5 mm. NT proBNP:1157±1280 ng/ml.
Medication was unchanged during the rehabilitation period. Efficacy was eval-
uated by the 6-MWD, adverse effects as syncope, acute dyspnea, unplanned
hospitalization for PH aggravation or death was reported. 
Results: All patients tolerated exercise training without adverse events,
3 patients required oxygen during effort for desaturation < 85% . All patients
improved NYHA class. The 6 MWT improved by 65±50 meters. Cardiac
index improved from 2, 2±0,3 to 2,7±0,8L/min/m² in 8 patients when a RHC
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was specially improved in the 4 PAH group. Uncontrolled design and retro-
spective analysis are serious limitations.
Conclusion: Supervised training as add-on medical therapy was feasible
for treated in patients with PH in NYHA II-IV class in a cardiac rehabilitation
center without serious adverse events and with measurable benefits. Multi-
centric randomized controlled trials are needed to confirm safety on right ven-
tricular function and long–term benefits in patients with PH.
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Effect of constant power vs. dynamic exercise with fixed heart rate on
the VO2 and stroke volume responses in trained adolescents.
Pierre-Marie Leprêtre (1), Michael Bulvestre (2), Mohamed Ghannem (2)
(1) Université de Picardie Jules Verne, Amiens, France, Laboratoire de
recherche adaptations physiologiques à l’exercice et réadaptation,
Amiens, France – (2) Centre de réadaptation cardiaque, Tracy-Le-Mont,
France
Background: The purpose of this study was to compare the responses of
oxygen uptake (VO2) and stroke volume (SV) in exhaustive exercises per-
formed at a constant workload or at heart rate steady-state. 
Methods: Nine well-trained children performed an incremental exer-
cise test on a cycle ergometer to determine the maximal power associated
with VO2max (pVO2max) and the power inducing SVmax (pSVmax).
Two days later, they performed two continuous exercises at pSVmax
(tlim@pSVmax=10min10s±6min41s) and at a heart rate steady-state associ-
ated with SVmax (tlim@HR@SVmax=21min04s±13min20s; P<0.05). Heart
rate (HR) and SV were continuously measured by impedance. Cardiac
output (CO) and arteriovenous O2 difference (a-vO2diff) were calculated
using standard equations. New software allowed an automatic workload
control to maintain HR target value. 
Results: statistical analysis indicated that 1) maximal blood lactate,
COmax and VO2max values were not different between the three exercises,
but SV was higher and HR was lower in tlim@HR@SVmax (112±46 mL.bat-
1 and 192±9 bat.min-1) than in the incremental test (106±44 mL.bat-1 and
197±6 bat.min-1; P<0.05) and tlim@pSVmax (102±40 mL.bat-1 and 196±7
bat.min-1; P<0.05); 2) at the end of exercise, HR, SV and VO2 significantly
fell in tlim@HR@SVmax and in tlim@pSVmax (P<0.05) and 3) the time to
reach SVmax is slightly correlated with the time to exhaustion at pSVmax
(R=0.61, P=0.08) compared to one at HR@SVmax test (R=0.70, P=0.03). 
Conclusion: According to the exercise modalities, the interactive effects of
increased HR or SV are responsible of the VO2max attainment during exhaus-
tive exercise.
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Utility of research the dispersion of QT and QTc intervals in adoles-
cent athlete 
Lavinia Dimitriu (1), Alexandru Grigore Dimitriu (2)
(1) Medex Medical Center, Cardiologie, Lasi, Roumanie – (2) University
of Medicine and Pharmacy, Pediatric cardiology, Lasi, Roumanie
Background: Heart rhythm disorders, often severe, occurring with an
increased incidence in adolescent athlete and requires identification of risk
factors, especially by precompetitional screening, for the purpose of preven-
tion. Objective: to evaluate the QT interval dispersion in adolescent athletes
 Methods. Subjects: 51 sporting teenagers (14-17 years old): *first lot:
25 endurance-trained athletes (runners, football-players) and the 2nd lot:
26 strength-trained athletes (wrestlers, boxers). Control lot: 20 teenagers,
the same age, without any sign of cardiac suffering. ECGs were assessed
on all the patients and control, and used to calculate QT interval in three
successive cardiac ECG cycles, the QT interval dispersion (QTD) (the dif-
ference between maximum and minimum value of QT interval) and the
QTc interval dispersion (QTcD)(Bazzet's formula). The echocardiography
was performed in all cases for highlighting of characteristic changes of
athlete’s heart. 
Results: the average values of QTD and QTcD in the 1st and 2nd group
were superior than the values in the control group but the difference is not
statistic significant. I lot=QTD: 43.54±21,03 msec; QTcD: 50.81±19.34
msec; II lot =QTD: 48.23±12.56 msec; QTcD: 53.59±17.21 msec; control
lot=QTD: 35.88±10.22 msec; QTcD: 39.23±14.81 msec. The highest values
of QTD were found in strength-trained sporting teenagers from the second
lot that it might be possible to have a higher ventricular arrhythmia risk.
There wasn't any case with QT and QTc interval value longer than the
normal in control group. Increased QT and QTC intervals dispersion
were significantly correlated with the presence of cardiac morphological
changes at echocardiography 
Conclusions: At side of other parameters ECG, it is useful research
screening of the QT and QTc intervals dispersion during periodic controls at
adolescent athletes, like indicator of the risk of the ventricular arrhythmias, as
a useful measure of prevention
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Underwater sports and scuba diving in patients with hypertension:
French underwater federation guidelines.
Vincent Lafay (1), Benoit Brouant (2), Mathieu Coulange (3), Gérald
Phan (4), Rémy Krafft (5), Gérard Finet (6), Frédéric Roche (7), Bruno
Grandjeand (8)
(1) Hôpital Saint Joseph, Marseille, France – (2) FFESSM, Creutzwald,
France – (3) APHM, Marseille, France – (4) FFESSM, Paris, France –
(5) FFESSM, Nancy, France – (6) HCL, Lyon, France – (7) FFESSM,
Saint Etienne, France – (8) Hôpital d'Ajaccio, Ajaccio, France
A task force of the French Underwater Federation (FFESSM – Fédération
Française d'Etudes et de Sports Sous-Marins) sought to issue guidelines in
order to allow patients with hypertension to be fit to dive after a careful
evaluation.
Like any physical activity, underwater activities increase blood pressure
with significant variations related to mental stress, cold and, specifically,
hyperoxia. Patients with hypertension are more prone to these changes
because hypertension is a disease of vasomotion with potential visceral
sequelae. They may thus be more subject to sudden death or immersion pul-
monary edema.
When evaluating a hypertensive diver, the physician should be particularly
careful if other risk factors, pathologic state or end organ damage (cardiac,
renal, cerebral, retinal) is present.
Management of hypertension must be consistent with current guidelines.
For treatment, ACE inhibitors or ARBs are preferred for their good toler-
ance, with particular caution for the risk of dehydration with diuretics. Beta-
blockers should only be used when necessary and are subject to specific
conditions.
There will be no restrictions for asymptomatic patients whose BP is
controlled (< 140/90 mmHg). We may require special conditions of prac-
tice for high risk or uncontrolled subjects (no cold water diving, limited to
30 m and no enriched oxygen mixture) or extend the temporary contrain-
dication if BP is not controlled (> 160/100 mmHg). All hypertensive
divers should receive specific information and a form is dedicated for this
purpose.
These recommendations have been established according to ACC/AHA/
ESC Guidelines for physical activities and competitive sports.
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